Introduction
The stress response is the name given to the hormonal and metabolic changes that follow injury or trauma. This is part of the systemic reaction to injury that encompasses a wide range of endocrinological, immunological and hematological effects. The stress response to surgery is characterized by increased secretion of pituitary hormones and by activation of the sympathetic nervous system [1] . The changes in pituitary secretion have secondary effects on hormone secretion from the target organs. The net effect of the endocrine response to surgery is an increased secretion of catabolic hormones. This promotes the catabolism of carbohydrate, fat and proteins. The main components of the endocrine stress response are adrenaline, noradrenaline, ADH (antidiuretic hormone), ACTH,(adrenocorticotropic hormone) cortisol and prolactin (PRL) [2, 3] . Serum levels of cortisol and prolactin in patients treated under total intravenous anesthesia with propofol-fentanyl and under balanced anesthesia with isoflurane-fentanyl
The stress response to surgery is modulated by various factors, including the severity and duration of surgical trauma, surgical technique, and type of anesthesia. Data about the effects of anesthetic and analgesic regimens upon hormonal responses to surgery in humans are various and even controversial [4, 5] . The biochemical factors initiating, regulating and sustaining the endocrine response to surgery have not been fully identified. Whereas inhaled anesthetics exert only a minimal inhibitory influence on the surgical stress response, propofol anesthesia attenuates the intraoperative increase in plasma cortisol and glucose during surgery [6, 7] . Results of the assessment of endocrine stress response in anesthesia and surgery are still controversial.
The main reasons for carrying out the study were to address the disparity in the literature data about the relationships between the endocrine stress response and anesthesia technique and to supplement the insufficient literature data with regards to the prolactin levels related to the type of anesthesia. The aim of the present study was to investigate the effect of total intavenous anesthesia (TIVA) with propofol-fentanyl and the effect of balanced anesthesia with isofluranefentanyl on the circulating levels of cortisol and PRL in patients subjected to elective low abdominal surgery.
Material and Methods
The prospective study included 50 patients (22 males and 28 females, Caucasians, residents of the narrow region in Tuzla surrounding, Bosnia and Herzegowina. All of them were subjected to low abdominal surgery (40 colon cancer operations and 10 hysterectomies) at the University Department of Surgery and Traumatology and the University Department of Gynecology, University Clinical Centre, Tuzla, B&H.
The inclusion criteria for patients were as follows: elective low abdominal surgery; aged between 35 and 60 years; both sexes; ASAI/II status (American Society of Anesthesiologists I/II classification); similar length of surgery, and similar degree of surgical trauma. Exclusion criteria were as follows: suffering from endocrine (pituitary and adrenal) diseases, hepatic or renal diseases; receiving any medication known to affect cortisol and PRL circulating levels.
The study was approved by the Council of the School of Medicine, University of Tuzla. All patients signed informed consent forms before inclusion in the study. Patients were randomly divided into two groups: an experimental group, consisting of 25 ASA I/II patients treated under TIVA with propofol-fentanyl, and a control group consisting of 25 ASA I/II patients treated under general balanced anesthesia with isoflurane-fentanyl.
The experimental group consisted of twelve male and thirteen female patients. Twenty of them were surgically treated for colon cancer and five underwent hysterectomy. The control group consisted of ten male and fifteen female patients. Twenty of them were surgicaly treated for colon cancer and five underwent hysterectomy.
Midline incision was applied to patients in both groups. The surgical procedures started at 9.00 am and were of similar duration (between two hours and fourty five minutes and three hours).
Induction of anesthesia was the same in both groups of patients: suxamethonium-hydrochlorid with dose of 1.5 mg/kg of body weight was used for muscular relaxation and midazolam with dose of 0.1mg/kg of body weight was used as a premedication sedative.
The protocol for balanced anesthesia was as follows: premedication with midazolam 0.1 mg/kg i.m.; induction with thiopental-sodium 5 mg/kg, with fentanyl 0.1 mg before intubation to an overall dose of 0.005 mg/kg before surgical incision; maintenance of anesthesia with isoflurane 1.2-2.4 vol% mixed with nitrous oxide and oxygen at a ratio 1:1; suxamethonium-hydrochloride 1.5 mg/kg and tracrium 0.5-0.8 mg/kg for intubation and myorelaxation.
The protocol for TIVA was as follows: premedication with midazolam 0.1 mg/kg i.m.; induction with propofol 2 mg/kg and fentanyl 0.1 mg before intubation to an overall dose of 0.005 mg/kg before surgical incision; maintenance of anesthesia with propofol infusion 6-12 mg/kg/h with ventilation by intermittent positive pressure (IPPV) with a mixture of air, oxygen and FiO 2 33-50%; repetitive fentanyl doses of 0.1 mg depending on clinical parameters; suxamethonium-hydrochloride 1.5 mg/kg and tracrium 0.5-0.8 mg/kg for intubation and myorelaxation. Propofol consumption during the induction of anesthesia was 150-200 mg for every patient, and 8 mg /kg body weight/per hour in a constant infusion for maintaince of anesthesia.
In both groups of patients the dose of 0.1 mg fentanyl was given during premedication, and 0.2 mg fentanyl before the surgical incision and at least 0.1 mg fentanyl at the end of the operation. Total fentanyl consumption was 0.4 mg and was the same in the both groups of patients.
Hemodynamic monitoring (heart rate, systolic and diastolic blood pressure) and expired air CO 2 monitoring were performed in all patients during the surgical treatment. Patients received electrolyte-balanced solution during the operation, and Ringer-lactate solution and 5% glucose solution 24 hours after the operation.
Heart rate, blood pressure and pupillary dilatation were relevant parameters for the anesthesia course follow-up. Anesthetics and myorelaxants were added according to the protocol during the operation.
Time points: blood samples for cortisol and PRL measurements were drawn at exact time points: 30 minutes before the beginning of the surgery (T 0 ), 30 minutes after the beginning of the surgery (T 1 ), at the end of the surgery (T 2 ), 2 hours after the surgery (T 3 ), and 24 hours after the surgery (T 4 ). Surgeries were started at the same time of day due to the diurnal rhythm of hormones. Serum levels of cortisol were measured using a comercially available PerkinElmer "DELFIACortisol" kit. Serum levels of PRL were measured using a comercially available PerkinElmer "DELFIA-Prolactin" kit. The principle for determination of both hormones is spectrofluorimetry.
Statistical analysis
The distribution of quantitative variables was determined by using distribution histograms with probability plots and de-trended probability plots. The results were evaluated with the nonparametric Mann-Whitney test, with mean values, standard deviations (SD), and standard errors (SE). The value of p<0.05 was considered statistically significant. All statistical analyses were performed with SPSS statistical software, version 10.
Results
According to the kits used for cortisol and PRL determination, the normal range for cortisol was 201-681 nmol/L, and for PRL was 90-523 mU/L (females), and 83-414 mU/L (men).
The average serum concentrations of cortisol measured at T 1 , T 2 , and T 3 were above the normal range both in patients treated under balanced anesthesia with isoflurane-fentanyl and in patients treated under TIVA with propofol-fentanyl. The average serum levels of PRL, measured at T 1 , T 2 , and T 3 were above the reference range in both the experimental and control groups of patients.
The mean serum level of cortisol measured at T 1 in patients treated under TIVA with propofol-fentanyl was significantly lower (p=0.04) in comparison to that in patients treated under general balanced anesthesia with isoflurane-fentanyl ( Table 1) . The average circulating levels of PRL measured at T 1 , T 2 and T 3 in patients treated under TIVA with propofol-fentanyl were significantly lower (p=0.003; p=0.002; p<0.05; respectively) than those in patients treated under balanced anesthesia with isoflurane-fentanyl. There was no significant difference between T 4 values in the two patient groups ( 
TIVA, total intravenous anesthesia * Mann-Whitney test ** X±SE (for all data in the table)
Serum levels of cortisol and prolactin in patients treated under total intravenous anesthesia with propofol-fentanyl and under balanced anesthesia with isoflurane-fentanyl
Discussion
In the present study, two types of anesthesia were compared: TIVA with propofol-fentanyl vs general balanced anesthesia with isoflurane-fentanyl, analyzing the variation of serum levels of the stress hormones cortisol and PRL during and shortly after surgery. The results of this study showed that the mean serum concentrations of cortisol and PRL during and shortly after surgery were significantly lower in patients treated under TIVA with propofol-fentanyl in comparison with those in patients treated under general balanced anesthesia with isoflurane-fentanyl ( Tables 1 and 2 ). The results obtained suggest that the endocrine stress response during and shortly after surgery is attenuated in patients recieving TIVA compared to the control group, which is a desirable outcome. The suppressive effect on the perioperative endocrine stress response in this study was most likely due to both fentanyl and propofol. Inhibitory effects of propofol on the sympathoadrenal system have been documented [7] . The results of some other similar studies are comparable with those obtained in this investigation [7] [8] [9] [10] . In contrast, there are findings which document significantly increased endocrine stress response in a TIVA-propofol group of patients [11, 12] , or no difference between compared anesthetic regimens [13] . ACTH and cortisol are sensitive indicators of physiological stress: the plasma increase of ACTH and the subsequent increase of plasma cortisol are known to correlate with the severity of surgical injury [4] . These hormones cause specific metabolic alterations (an increase of muscle catabolism, with net negative nitrogen balance; promotion of gluconeogenesis, glycogen storage in the liver and reduction of glucose utilisation in the peripheral tissues), and also affect humoral and cellular immune responses. Results obtained in some studies showed that serum levels of glucose were increased during surgical treatment, and that this increase was more pronounced in general balanced anesthesia in comparison with TIVA [14, 7] . The exact mechanism that triggers such hormonal responses is not completely clear. The choice of anesthetic appears to impact the intraoperative stress response [15, 3] . Anesthesia can influence the stress response, at least in part, by interactions with the endocrine system. An important role might be played by some substances directly released at the site of surgery, as well as by some cytokines which participate in the systemic inflammatory response to surgical trauma, and are known to stimulate the release of both ACTH and cortisol [16] . Stress also causes an increased release of PRL [3] , but the metabolic and immune effects of such an increase are less well understood [4] . PRL is supposed to have an immunostimulatory action which might be potentially beneficial in certain clinical circumstances [17] . Since PRL secretion is mediated by endorphins, its increase during surgery is, probably, at least partially due to fentanyl, which was administrated in all patients included in this study at the induction of anesthesia (same dosage in both groups). Opoids are able to delay the endocrine and metabolic response to different types of surgery [7] . Furthermore, the inhibitory effects of propofol on the sympathoadrenal system have been documented in patients undergoing cardiac surgery [18] .
The results obtained in this study showed that endocrine response was increased during surgical treatment, and that the increase was more pronounced in patients treated under general balanced anesthesia with isoflurane in comparison to those treated under TIVA with propofol. Decreasing the stress response to surgery and trauma could be of high importance both for patients and anesthesiologists since it may allow complex surgeries in high risk patients [19, 20] , and, thus, might be a key factor in improving surgical outcomes [21] .
Some limitations to this study should be noted: only two hormones were investigated in both groups of patients; the circulating hormone levels were evaluated only during the intraoperative period and shortly after surgery; and degree of surgical trauma can not be guaranteed to be identical between control and experimental groups. Because of these limitations it is difficult to discuss the detailed mechanisms of the endocrine response developed in response to surgery. Further studies will be required to investigate how the surgical technique or course of the operation could influence the hormonal stress response. Nevertheless, our results are in accordance with similar studies reported in the literature, and indicate that multimodal aproaches combining anesthetic, analgesic and surgical strategies will likely result in better control of the endocrine stress response in intra-and perioperative periods, and therefore will likely improve patient outcomes as well.
